Cellular, biochemical, and genetic analysis of mechanism of small molecule IAP inhibitors.
XIAP is member of the IAP family of anti-apoptotic proteins and is known for its ability to bind and suppress caspase family cell death proteases. A phenylurea series of chemical inhibitors of XIAP was recently generated by our laboratories (Schimmer, A. D., Welsh, K., Pinilla, C., Bonneau, M., Wang, Z., Pedersen, I. M., Scott, F. L., Glinsky, G. V., Scudiero, D. A., Sausville, E., Salvesen, G., Nefzi, A., Ostresh, J. M., Houghten, R. A., and Reed, J. C. (2004) Cancer Cell 5, 25-35). We examined the mechanisms of action of these chemical compounds using biochemical, molecular biological, and genetic methods. Active phenylurea-based compounds dissociated effector protease caspase-3 but not initiator protease caspase-9 from XIAP in vitro and restored caspase-3 but not caspase-9 enzymatic activity. When applied to tumor cell lines in culture, active phenylurea-based compounds induced apoptosis in a rapid, concentration-dependent manner, associated with activation of cellular caspases. Apoptosis induced by active phenylurea-based compounds was blocked by chemical inhibitors of caspases, with inhibitors of downstream effector caspases displaying more effective suppression than inhibitors of upstream initiator caspases. Phenylurea-based XIAP antagonists induced apoptosis (defined by annexin V staining) prior to mitochondrial membrane depolarization, in contrast to cytotoxic anticancer drugs. Consistent with these findings, apoptosis induced by phenylurea-based compounds was not altered by genetic alterations in the expression of Bcl-2 family proteins that control mitochondria-dependent cell death pathways, including over-expression of anti-apoptotic proteins Bcl-2 or Bcl-X(L) and genetic ablation of pro-apoptotic proteins Bax and Bak. Conversely, conditional over-expression of an active fragment of XIAP or genetic ablation of XIAP expression altered the apoptosis dose-response of the compounds. Altogether, these findings indicate that phenylurea-based XIAP antagonists block interaction of downstream effector caspases with XIAP, thus inducing apoptosis of tumor cell lines through a caspase-dependent, Bcl-2/Bax-independent mechanism.